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Building blocks for the chemical industry 
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 Size reduction and drying  
Hammermill [1] 
 
Perforated Floor bin dryer [1]  
The Processes 
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Biomass + Oxidizing agent  Syngaz 




O2 → CO 
C + H2O → CO + H2 





T: 600 – 1000 °C 
  Air 
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The LCA methodology 
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http://www.unep.fr/scp/lifecycle/ 
The LCA: four interdependent steps 
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 2 levels 
 MidPoint 
 Impact categories such as climate change, eutrophication, 
acidification, etc. 
 EndPoint 
 Resulting impact on human health, ecosystem quality or 
resources depletion 
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The LCA: four interdependent steps 
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Many studies on the technological aspects of lignocellulosic 
biomass gasification, but few on the environmental aspects (LCA ) 
Results: 
Lignocellulosic biomass >< fossil fuels 
- Better: Global Warming Potential  
                 Emissions 
- Worst: Energy Consumption 
                 Cost 





No study about propylene and ethylene 
But also: 
 Impact of Land Use Change (direct or indirect) 
 Fuel type 
 No Well-to-wheel 
 Impact categories 
 Comparison with fossil fuel or biofuel 
 Sensitivity analysis 
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Field 1 Field 2 
Field 1 Field 2 
3 Aspects:  
 Land Occupation (LO)  
 Direct Land Use Change (dLUC)  
 Indirect Land Use Change (iLUC). 
Land Use Change (LUC) 
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2 levels: 
 Specific localization (example: rail localization) 















Land Use Change (LUC) 
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2 levels: 
 Specific localization (example:  rail localization) 




Land Use Change (LUC) 
 Important aspects: 
 Surface 
 Time 
 Reference state 
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Land Use Change (LUC) 
 LUC has an impact on 
 Carbon cycle 
 Physical properties of the ground 
 Nitrogen cycle 
 Hydraulic cycle 
 Pollutants flux (methane, COV, etc.) 
 Etc. 
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Emission from carbon stock change 
 Add for 20 years 
 Divided by 20 (equal distribution for each year) 
 
Global Warning Potential 
 European standard 
 Handbook: how to calculate the impact of carbon 
stock change 
 Directive: how to calculate the carbon stock 
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Carbon in the ground Carbon in the biomass 
(dead or living) 
Land Use Change (LUC) 
 Global Warning Potential :  
     A lot of work already done 
 Other indicators 
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Example: Land availability 
 
Land Use Change (LUC) 
 Land availability: how to measure it? 
 In 𝑚2? 
BUT Independent of the intensity of the use, etc. 
 Yield? Productivity of biomass? 
BUT only focuses on agricultural uses 
 Difficult to express… How to quantify it? 
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Conclusions and perspectives 
 Promising processes for substituting fossil fuels. BUT 
their environmental impact remains uncertain  LCA 
methodology  
 LCA has to be adapted to include land use change 
effect: 
 Impact of carbon stock change on Global Warming 
Potential: the European methodology  
 Other indicators: a lot of work still to do 
 
41 
Thank you for your attention 
 
University of Liège 
LABORATORY of CHEMICAL ENGINEERING 







1. Cummer, K.R. and R.C. Brown, Ancillary equipment for biomass gasification. Biomass and 
bioenergy, 2002. 23. 
2. Liu, G., et al., Making Fischer-Tropsch Fuels and Electricity from Coal and Biomass: Performance 
and Cost Analysis. Energy & Fuels, 2011. 25. 
3. van Vliet, O.P.R., A.P.C. Faaij, and W.C. Turkenburg, Fischer-Tropsch diesel production in a well-
to-wheel perspective: A carbon, energy flow and cost analysis. Energy Conversion and 
Management, 2009. 50(4): p. 855-876. 
4. Gill, S.S., et al., Combustion characteristics and emissions of Fischer-Tropsch diesel fuels in IC 
engines. Progress in Energy and Combustion Science, 2011. 37(4): p. 503-523. 
5. Kalnes, T.N., et al., A Technoeconomic and Environmental Life Cycle Comparison of Green 
Diesel to Biodiesel and Syndiesel. Environmental Progress & Sustainable Energy, 2009. 28(1): p. 
111-120. 
6. Sunde, K., A. Brekke, and B. Solberg, Environmental Impacts and Costs of Hydrotreated 
Vegetable Oils, Transesterified Lipids and Woody BTL-A Review. Energies, 2011. 4(6): p. 845-877. 
7. Grillo Reno, M.L., et al., A LCA (life cycle assessment) of the methanol production from 
sugarcane bagasse. Energy, 2011. 36(6): p. 3716-3726. 
8. Kumabe, K., et al., Environmental and economic analysis of methanol production process via 
biomass gasification. Fuel, 2008. 87(7): p. 1422-1427. 
9. Komiyama, H., et al., Assessment of energy systems by using biomass plantation. Fuel, 2001. 





10. Wu, M., Y. Wu, and M. Wang, Energy and emission benefits of alternative transportation liquid 
fuels derived from switchgrass: A fuel life cycle assessment. Biotechnology Progress, 2006. 
22(4): p. 1012-1024. 
11. 10. Fleming, J.S., S. Habibi, and H.L. MacLean, Investigating the sustainability of 
lignocellulose-derived fuels for light-duty vehicles. Transportation Research Part D: Transport 
and Environment, 2006. 11(2): p. 146-159. 
12. Reinhardt, G.A. and E.v. Falkenstein, Environmental assessment of biofuels for transport and 
the aspects of land use Competition. Biomass & Bioenergy, 2011. 35. 
13. ISO, ISO 14040 : Management environnemental - Analyse du cycle de vie - Principes et cadre, 
ISO, Editor. 2006. 
14. ISO, ISO 14044 : Management environnemental - Analyse du cycle de vie - Exigences et lignes 
directrices, ISO, Editor. 2006. 
15. Kumar, A., D.D. Jones, and M.A. Hanna, Thermochemical Biomass Gasifiction: A Review of the 
Current Status of Thechnology. Energies, 2009. 2 
16. Warnecke, R., Gasification of biomass: comparison of fixed bed and fluidized bed gasifier. 
Biomass & Bioenergy, 2000. 18. 
  
 
